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(54) LIGHT RECEIVING ELEMENT, LIGHT RECEIVING ELEMENT ARRAY, AND ELECTRO LY2ER 
USING THEM 



(57) A photo cell 1 and a photo cell array which have 
high photoelectric conversion efficiency, little leakage 
current long life, and high reliability, as well as a electro- 
lytic device that employs the cell and array. 

The invention photo cell 1 comprises: a base mate- 
rial 2 consisting of p-type semiconductor ;a light receiv- 
ing section 3 being integral spherical part of the base 
material 2, which protrudes outward from the surface of 
the base 2, and has a n-type semiconductor layer 
attached on the surface of said spherical part, so that a 
pn junction interface is formed between the base mate- 
rial 2 and the semiconductor layer; a surface electrode 
4 formed from conductive material that achieves ohmic 
contact with a portion of the surface of the aforemen- 
tioned sphere: and a underside electrode 5 formed from 
conductive material on the underside of the aforemen- 
tioned base material 2, to provide ohmic contact 

The spherical shape of the photo cell 1 enables 
most of the surface of the sphere to be sensitive to light, 
with wider directivity than flat photo ceils, and enables 
uniform sensitivity regardless of directioa 



FIG. 1 (b) 
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Description 
Technical Field 

This invention relates to photo cells and photo cell 
arrays, such as solar cells and photo diodes, as well as 
electrolytic devices having these cells and arrays as 
structural constituents. 

Background Art 

Solar cells make use of the solar energy that radi- 
ates upon the Earth. Solar cells were developed 
because of the limits inherent in using fossil fuels as an 
energy source. Solar cells provide energy for calcula- 
tors, wristwatches, and other common applications. 
One problem in employing solar cells, however, has 
been that solar radiation energy is available only in low 
energy density on the earth. To obtain the equivalent 
level of electric power from solar cells as can be 
obtained from a thermal power station would require the 
collection of radiation over a considerably large area. 

To resolve this problem, a proposal was put forth for 
the use of solar cells comprising silicon semiconduc- 
tors, which generate a photovoltaic power and are fabri- 
cated in spherical form, allowing the absorption of 
sunlight from all angles, and the use of electrolytic 
devices employing said solar cells (United States Patent 
No. 4,021,323). 

The method of manufacturing solar cells described 
in this U.S. Patent Gazette is as follows. First, melt sili- 
con is ejected out of small nozzle into an inert gaseous 
atmosphere, forming a p-type or n-type silicon sphere. 
The surface of this silicon sphere is put through a gase- 
ous diffusion process using either phosphorous (P) cells 
or boron (B) cells, which forms a pn junction at a certain 
depth below the surface of the sphere. Next, the surface 
of the sphere is sputtered with platinum or a similar 
metal to create a thin, light transmissive metallic layer, 
on top of which a coating of insulating resin is then 
applied. The silicon sphere is then affixed to a tempo- 
rary substrate, and a corrosion-resistant, light transmis- 
sive insulating compound, such as silicon resin, is 
poured around its circumference. After the insulating 
compound is cured, the top surface is removed, expos- 
ing the silicon sphere. A sheet of aluminum or other sim- 
ilar metal is then ion plated onto the exposed surface of 
the sphere, making ohmic contact with the sphere. 
Finally, the temporary substrate is removed and the 
solar cell is completed. 

With the solar cells described in the U.S. patent 
listed above, however, when the silicon is melted in the 
manufacturing process, the melt silicon does not come 
in contact with the seed of a single crystal, so the result- 
ant silicon sphere does not grow to single crystal and its 
energy conversion efficiency is poor. Before ion plating 
with a sheet electrode made from aluminum or a similar 
metal, the possibility exists of large leakage current on 



the surface of the edge of the pn junction at the exposed 
silicon sphere. 

The objective of the invention detailed in this appli- 
cation is to provide photo cells and photo cell arrays 
5 made from single crystal or polycrystal having a crysta- 
linity close to that of single crystals and which have high 
photoelectric conversion efficiency, little leakage cur- 
rent, long life, and high reliability, as well as electrolytic 
devices that employ these cells and arrays. 

10 

Disclosure of Invention 

[Features of the invention] 

is The photo cell of this invention, in order to achieve 
the objectives outlined above, has base material, light 
receiving section, surface electrode, and underside 
electrode as their main component: 

The base material consists of p-type (or n-type) 
20 semiconductor. 

The light receiving section is integral spherical part 
of the base material, which protrudes outward from the 
surface of the basa On the surface of said spherical 
part is attached a semiconductor layer of n-type (or p- 
25 type), that is, opposite to the base material conductive 
type. And further, between the aforementioned base 
material and semiconductor layer is formed a pn junc- 
tion interface. 

The surface electrode formed from conductive 
30 material that achieves ohmic contact with a portion of 
the surface of the aforementioned sphere. 

The underside electrode formed from conductive 
material on the underside of the aforementioned base 
material, to provide ohmic contact 
35 Photo cell as used herein means the solar cell, 
photo diode, photo transistor, and other photoelectric 
parts. 

When these photo cell is used as solar cell, it is 
preferable that the semiconductor be of silicon. It is also 

40 preferable that glass or some other layer of insulation be 
attached from the surface of the base material up until it 
covers a portion of the surface of the sphere and that 
the edge of the pn junction be lower in position than the 
surface of said insulation layer, so that H is covered by 

45 the insulation layer. It is particularly preferable that there 
be the surface electrode on the surface of said insula- 
tion layer, especially the surface electrode made from 
material possessing photoreflective characteristics. It is 
also advisable that some of these photo cells have mul- 

50 tiple light receiving sections for each piece of base 
material and that the underside electrode be common to 
these multiple light receiving sections. 

The photo cell array of this invention, in order to 
achieve the objectives outlined above, has as hs main 

55 features: 

Two of the aforementioned photo cells are 
anchored in a common substrate that has a conductive 
surface. The conductive types of the base material of 
these photo cells are different from each other. And the 
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junction of each of the underside electrodes and the 
aforementioned conductive surface creates an electric 
connection in series. 

The first electrolytic device of this invention, in order 
to achieve the objectives outlined above, has as its main s 
components: 

the aforementioned photo cell arrays; 
electrolyte filling the space between each of the 
surface electrodes; and 10 
a diaphragm separating the surface electrodes of 
photo cells that have base material of different con- 
ductive types from each other; 

so that the photovoltaic power of the light receiving sec- 15 
tions causes the electrolysis of the electrolyte. 

In the same manner, the second electrolytic device 
of this invention has as its main components: 

the two aforementioned photo cells, having base 20 
material of different conductive types from each 
other; 

a substrate having two separated conductive sur- 
faces and supporting separately the two photo cells 
on each of the conductive surfaces; 2s 
an electrolytic cell surrounding the two aforemen- 
tioned photo cells, f ixed in place on the substrate so 
as to be liquid-impermeable; 
electrolyte filling the electrolytic cell and the space 
inundating the surface of the spheres of the two 30 
aforementioned photo cells and each surface elec- 
trode; 

a diaphragm separating the surface electrodes of 
the photo cells that have base materials of different 
conductive types from each other; and 3s 
external solar cells connected in series with the two 
types of aforementioned photo cells on the exterior 
of the electrolytic cell. 

The components are arranged so that the total of 40 
the photovoltaic power supplied by the light receiving 
sections of the aforementioned two types of photo cells 
and the photovoltaic power supplied by the external 
solar cells forces the electrolysis of the electrolyte. 

The electrical connection between the photo cells 45 
within the electrolytic cell and the external solar cells 
may be such that the supporting surface of the sub- 
strate is formed broadly, spreading outward from the 
electrolytic cell, and the wiring is formed either within 
the substrate or on its surface, with the external solar so 
cells affixed to said protruding substrate surface and 
connected in series via the wiring to the aforementioned 
two types of photo cells. 

[Operation of the invention] ss 

The photo cells of this invention enable electromo- 
tive power to be produced from both ends of a pn junc- 
tion, when sunlight or other sources illuminate light 



receiving sections that have a spherical pn junction 
interfaca When this pn junction interface is reverse 
biased from an external source, the photoelectric cur- 
rent flows to both ends, in response to the quantity of 
photon or radiation power. In such cases, the smaller 
the radius of the light receiving sections is made, the 
larger the ratio of surface area to volume becomes. This 
allows the surface area where light enters to be larger 
than it would be for photo cells having a flat surface of 
identical volume, contributing to increased output or 
compact design. 

The spherical shape of the photo cells enables 
most of the surface of the sphere to be sensitive to light, 
with wider directivity angle than flat photo cells, and 
enables uniform sensitivity regardless of direction. This 
means that there is little restriction with regard to direc- 
tion when the units are mounted. The length (L) of the 
edge of the pn junction is equivalent to the circumferen- 
tial length of the sphere, so positioning the edge of the 
pn junction along a circumference with a smaller diame- 
ter than the actual sphere diameter enables a notably 
small ratio of length to pn junction interface area (L/S) to 
work successfully, compared with that of a flat photo - 
ceil. This enables leakage from the pn junction edge to 
lower levels and results in only a small probability of 
deterioration or instability. These features result in 
highly reliable photo cells with good photoelectric con-.' 
version efficiency and a large signal to noise (S/N) ratio. 

Solar cells and photo diodes are appropriate appli- 
cations of these devices when the base material of the- 
receptor is made from silicon semiconductor. 

When a layer of insulation covers the photo cells % 
from the surface of the base material to a portion of the 
sphere surfaces and the edge of the pn junction exists 
below the surface of the insulation layer, allowing the 
insulation to cover the pn junction, the edge of the pn 
junction will not cause deterioration or short circuiting of 
the base material. Particularly, there is no corrosion or 
shorting caused by the electrolyte. This is ideal for elec- 
trolytic devices. When glass is used as the insulation 
layer material, it serves not only as insulation but pro- 
vides excellent liquid-Impermeability and corrosion 
resistance. 

When the surface electrode for the photo cells 
exists across the entire surface of the insulation, it is not 
necessary to have wiring to connect the surface elec- 
trodes for each of the light receiving sections to each 
other. When these surface electrodes are made from 
material possessing photoreflective qualities, they 
reflect the light that enters the device and provide added 
benefit by working to direct the incidental light to the 
light receiving sections, heightening the photoelectric 
conversion efficiency of all of the light that enters the 
device. 

The photo cells of this invention can accommodate 
a plurality of light receiving sections for each piece of 
base material. When arranged in such a way, the light 
receiving sections and the base material are also linked 
as a whole, enabling these multiple numbers of light 
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receiving sections to have a common underside elec- 
trode. This means that there is no need for wiring to 
connect each of the light receiving sections, regardless 
of whether there is one or many light receiving sections. 
Any problems with continuity can therefore be avoided 5 
beforehand, precise alignment of the light receiving sec- 
tions is made possible, and assembly of large-scale 
solar cells is simplified. 

The aforementioned photo cell array has a structure 
such that two photo cells are arranged on a common 10 
substrate, wherein the conductivity types of the base 
materials are different from each other. The junction of 
each of the underside electrodes and the conductive 
surface of the substrate surface results in the electrical 
connection of the photo cells in series, without wiring, 15 
and thereby enabling the photo cell array to double the 
electromotive power. 

The aforementioned first electrolytic device is such 
that the surface electrodes of the photo cell having a 
base material of p-type semiconductor and a sphere 20 
surface of n-type semiconductor layer is the cathode 
and the surface electrodes of the photo cell that has a 
base material of n-type semiconductor and a sphere 
surface of p-type semiconductor layer is the anode, with 
a diaphragm separating these positive and negative 25 
poles. The photovoltaic power provided by the light 
receiving sections forces the electrolysis of the electro- 
lyte. If, for example, the base material is silicon and a 
hydrogen bromide (HBr) aqueous solution is chosen as 
the electrolyte, irradiation by the sunlight produces 30 
hydrogen on the cathode side, which can be extracted 
and used as fuel. 

If, in this example, the base material is made from 
silicon, the released voltage of a single photo cell is 
approximately 0.6 volts, even with solar radiation energy 35 
of 60 mW x cm" 2 or more. This does not provide the volt- 
age required for the electrolysis of water, even if two 
photo cells are connected in series. 

The aforementioned second electrolytic device, 
therefore, has the necessary number of separate pn- 40 
type solar cells wired to the outside of the electrolytic 
cell, connecting in series each of the aforementioned 
photo cells. This makes possible the supplementing of 
what would be insufficient voltage with photo cells 
alone, enabling electrolysis that requires high voltage, as 
such as the electrolysis of water. To make such a device 
compact, the photo cells within the electrolytic cell and 
the solar cells outside of the container are anchored into 
a common substrate, with external solar cells preferably 
connected in series to the light receiving sections within so 
the container via wiring formed either within or on the 
surface of the substrate. This allows the elimination of 
troublesome electrical connection operations. 

Brief Description of Drawings 55 

FIG. 1 illustrates Example 1, which is an actual 
embodiment of the photo cell, with (a) a plan, (b) a cc 
line cross section of (a), (c) an equivalent circuit draw- 
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ing, and (d) an equivalent circuit drawing of another 
photo cell similar to said photo cell. 

FIG. 2 illustrates Example 2, which is an actual 
embodiment of an electrolytic device, with (a) a plan 
and (b) a cc line cross section of (a). FIG. 3 is an equiv- 
alent circuit drawing of Example 2. 

FIG. 4 illustrates Example 3. which is another 
actual embodiment of an electrolytic device, with (a) a 
plan and (b) a cc line cross section of (a). FIG. 5 is an 
equivalent circuit drawing of Example 3. 

FIG. 6 illustrates Example 4. which is another 
actual embodiment of the an electrolytic device, with (a) 
a plan and (b) a cc line cross section of (a). FIG. 7 is an 
equivalent circuit drawing of Example 4. 

[Explanation of symbols] 

1. 11, 21.31. 41:photo cell 

2, 12, 22: base material 

3, 13, 23: light receiving section 

3a: pn junction interface 

3b: pn junction edge 

4, 14, 24. 34, 44: surface electrode 

5, 15, 25: underside electrode 

6, 36: insulating layer 
6a: silicon dioxide film 
6b: glass layer 

6c: glass ceramic 

7, 17: anti-reflection coating 
8, 18: substrate 

18a, 18b: conductive surface 
18c: through hole 
18d: conductor fragment 
18e: transparent resin 
9: diaphragm 

10, 30, 50: electrolytic device 

20: electrolytic cell 

51 , 61: external solar cells 

Best Mode for Carrying Out the Invention 

EXAMPLE 1 

Example 1 is a photo cell to accommodate claims 
No. 1 - 8. The photo cell of this example is explained in 
conjunction with FIG. 1. FIG. 1 illustrates the photo cell, 
with (a) a plan, (b) a cc line cross section of (a), (c) an 
equivalent circuit drawing, and (d) an equivalent circuit 
drawing a photo cell similar to said photo cell. 

[Structure of photo cell] 

Photo cell 1 comprises a base material 2, light 
receiving sections 3, surface electrode 4. and underside 
electrode 5. The plate-like base material 2 is made from 
single crystal p-type silicon semiconductor. The light 
receiving sections are integral spherical parts of the 
base material 2, which protrude outward from the sur- 
face of the base. On the surface of said spherical parts 
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is attached an n-type silicon semiconductor layer. There 
are four light receiving sections 3 having pn junction 
interfaces 3a formed between the n-type semiconductor 
layer and the p-type base material. The surface elec- 
trode (cathode) 4 is formed of two layers made from s 
gold (Au, the upper layer) and nickel (Ni, the lower 
layer), having an ohmic contact with the external periph- 
ery of the lower hemisphere of the n-type semiconduc- 
tor layer on the surface of each of the aforementioned 
light receiving section spheres. The underside electrode w 
(anode) 5 is formed from the same conductive material 
as the surface electrodes, such that there is ohmic con- 
tact with the underside of aforementioned base material 
2. 

A layer of insulation 6 is added to photo cell 1 , cov- is 
ering from the surface of base material 2 up until a por- 
tion of the tower hemisphere of the surface of the 
aforementioned spheres and having a parallel surface 
to that of base material 2. The surface electrodes 4 exist 
on the surface of this layer of insulation 6. Insulation 20 
layer 6 is formed from a thin silicon dioxide Si0 2 film 6a 
formed along the surface of base material 2 and a thick 
layer of glass 6b formed on top of that. 

Over the central portion of the cathode surfaces, 
including the exposed portion of the light receiving sec- 25 
tions 3, is formed an anti-reflection coating 7 made from 
titanium oxide (Ti0 2 ). The perimeter of the square 
frame of the cathode surface, however, is left exposed 
as the connection terminal for a lead wire or other exter- 
nal circuit Surface of the photo cell 1 is passivated so 
against air by the layer of glass covering the pn junction 
edge. With connecting each of the surface electrode 4 
and the underside electrode 5 to an external lead, this 
photo cell 1 can be used as it is as a photo diode or a 
solar cell. 35 

[Manufacturing the photo cells] 

Following is the method used for the fabrication of 
the aforementioned photo cells. 40 

(1) First, a p-type single crystal silicon semiconduc- 
tor baseboard with a resistance of 1 - 2 O cm is pre- 
pared to be used as the base material 2. A crosscut 
pattern is cut into the main surface of the this base- 45 
board using a diamond saw, to create a plurality of 
rectangular column-shaped protruding arrays. 
Alternatively, the silicon baseboard is put through 
ultrasonic machining to create a plurality of circular 
column-shaped protruding arrays. In either case, so 
the length of one side of the cross section square of 
rectangular columns or the diameter of the cross 
section circle of circular columns is set to an appro- 
priate length for the application, within the range of 
0.1 - 0.5 mm. Then, any mechanically damaged ss 
and strained layers generated during cutting 
processing are etched away. Next, the silicon diox- 
ide (S1O2) film is formed by thermal oxidizing the 
surface of the baseboard, including the protruding 



A1 8 

arrays. The silicon dioxide film of the protruding part 
is then etched away, leaving, however, the silicon 
dioxide film to a certain height above the main sur- 
face of the baseboard. The baseboard is set firmly 
in place, and the protruding part is melted using a 
heat beam from a carbon dioxide laser or an infra- 
red tamp. Molten globules or spheres, are created 
by the surface tension. Irradiation by the heat beam 
is stopped at this point and recrystallization is 
allowed to occur from the roots that did not melt. At 
this time, the oxide film remaining at the roots of 
protruding parts prevents the molten spheres from 
losing their shape. If using a kind of material such 
that the surface tension of the molten liquid is low or 
the mass is large, rendering it difficult for the 
spheres to maintain their shape, recrystallization 
can be performed well under micro gravity. 

(2) After hydrofluoric acid HF or another substance 
is used to completely dissolve away the oxide film, 
a complete oxide film is formed by reapplying ther- 
mal oxidation. At this stage, undesirable heavy- 
metal impurities are absorbed by the oxide film, 
reducing lattice defects and crystal dislocation. - 
When it is desirable to prolong the carrier lifetime in 
the substrate of the spherical light receiving sec- 
tions, oxide films that have absorbed impurities are 
dissolved using HF or a similar substance and the v 
thermal oxidation operation can be repeated. 

(3) The oxide film on the recrystallized surface of 
the spheres is removed to within the vicinity of the 
unmelted columns, using an etching fluid of ' 
hydrofluoric acid or a similar substance. The pro- 
truding surface is put through a thermal diffusion 
process using phosphorous P to form an n+ layer 
with utilizing the oxide film 6a as a mask. At this 
time, since the oxide film 6a of the protruding sur- 
face remains up to the vicinity of the columns, the 
edge 3b of the pn junction is propagated by phos- 
phorous diffusion and penetrates underneath edge 
of the oxide film 6a, and the edge surface is pro- 
tected by the film 6a. The length L of the edge 3b of 
the pn junction is equivalent to the circumferential 
length of the sphere, enabling a ratio of the pn junc- 
tion to the interface area S (US) to be smaller than 
can a flat photo cell. This reduces the probability of 
any leakage current occurring at pn junction edge 
3b and minimizes leakage current occurring during 
the fabrication process. The depth from the surface 
of the sphere to the surface of the pn junction is 0.5 

- I.Oujti and the surface concentration of phospho- 
rous is approximately 2 x 10 20 cm 3 . The protruding 
portion has now been made into a light receiving 
section 3, possessing a spherical pn junction inter- 
face. 

(4) Next, a suspension containing finely powdered 
lead glass having a high melting point is prepared 
and the fine glass powder is adhered to the top of 
the baseboard 2, using a method of sedimentation 
or electrophoresis. The thickness of this coating, 
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however, is set such that the height of the surface of 
the insulating glass after firing is below the upper 
hemisphere of the light receiving section 3 and 
above the upper end of aforementioned oxide film 
6a, so that at the very least the upper hemisphere 5 
of the light receiving section is exposed. Firing is 
performed at approximately 850°C to form the layer 
of insulating glass 6b. the thin oxide film on the sur- 
face of the spherical crystal which is to make a con- 
nection with the electrodes and the residual glass 10 
film are etched away using hydrofluoric acid or a 
similar substance, thereby exposing a clean silicon 
surface. 

(5) The surface of the layer of insulating glass 6b, 
the surface of the upper hemisphere of the light 15 
receiving sections 3, and the underside of the base- 
board 2 are plated electrolessly with nickel (Ni) and 
gold (Au), in that order, making electric contact with 
each of the light receiving sections and the under- 
side of the baseboard. The layer of plating on the 20 
underside of the baseboard becomes underside 
electrode 5. In this way the light receiving sections 
3. which have a spherical pn junction interface, and 
the base material 2 are integrally linked, and the 
underside electrode 5 is in common with all of the 25 
fight receiving sections 3, thereby eliminating the 
necessity of connecting each of the light receiving 
sections using wire. This enables any problems 
with continuity to be prevented before they occur. 
Vaporization can also be performed instead of elec- 30 
troless plating. The next step is to mask the nickel 
and gold plating such that only the upper hemi- 
sphere of the protruding part is exposed, then the 
layer of plated metal on the protruding surface is 
removed using etching. The remaining layer of plat- 35 
ing on the surface of the baseboard becomes sur- 
face electrode 4, which touches the n + layer at the 
portion where the spherical crystal surface and the 
layer of insulating glass touch. This eliminates the 
necessity for individual wiring among respective 40 
surface electrodes at each of the light receiving 
sections. The unit is then put into an electric fur- 
nace and heat processed in a nitrogen or other 
inactive gaseous environment such that the n + " 
type layer and the p-type baseboard respectively 45 
make good ohmic contact with each of the layers of 
plating. At this time, a thin oxide film unavoidably 
appears on the surface. This layer is etched away. 
(6) Following the above procedure, a photoresist 
and metal mask are used so that the four light so 
receiving sections 3 adjacent to one another on the 
surface of the baseboard are placed in a square 
enclosura Silicon dioxide (SiOa) and titanium diox- 
ide (T1O2), in that order, are used to form the anti- 
reflection coating 7 on the surface of the exposed 55 
baseboard, which includes the surface of the n + " 
type layer, using plasma CVD or sputtering vapor 
deposition. Trisilicon tetranitride (Si 3 N 4 ) may be 
substituted for the titanium dioxide (TlOa). 



(7) The mask is removed and the units are divided 
with dicing saw such that each unit has four light 
receiving sections, as illustrated in FIG. 1 (a). It is 
not shown in the drawing, but the anodes are sol- 
dered to a metal stem and the lead frame, and gold 
wires are bonded onto the exposed surface of the 
cathodes, enabling external electrical contact 
Photo cell 1 is completed by packaging the unit into 
a case or molding a transparent resin casing for it 

The photo cell 1 thus described has four light 
receiving sections 3 connected in parallel, as illustrated 
in FIG. 1 (c>. If desired to divide the unit on the side of 
the surface electrodes (cathodes) 4, the layer of plating 
on the surface of the baseboard can be cut crosswise 
using a laser or other device before the anti-reflection 
coating is formed. Then, the surface electrodes which 
have each been divided into four are individually 
bonded using a metal. If there is to be an external elec- 
trical connection, a photo cell possessing four cathode 
terminals, as illustrated in FIG. 1 (d), can be obtained. 

This figure was explained in terms of an example 
whereby a unit contains four light receiving sections. It 
hardly need be said that the quantity of light receiving 
sections can be changed to suit particular needs. 

[Effects of using photo cells] 

The photo cell in the above example has pn junction 
interface below the surface of the light receiving sec- 
tions 3. which, when irradiated by sunlight produce 
photoelectromotive power at both sides of the pn junc- 
tion. In such a case, the smaller the radius of the spher- 
ical portion of the light receiving section 3 is made to be, 
the larger the ratio of surface area to volume becomes. 
This means that the surface area into which sun rays 
can enter is larger than that of a flat light receiving sec- 
tion of identical volume, contributing to increased output 
and compact design. 

The spherical shape of the light receiving section 3, 
which contain pn junctions, enables uniform photo-sen- 
sitivity regardless of the angle of irradiation to the base 
material. This means that there is Tittle restriction with 
regard to direction when the units are mounted. The 
ratio (US) of the length (L) of the edge of the pn junction 
to the pn junction area (S) is small, so there is little leak- 
age current on the pn junction edga And because 
external gasses are shut out from the edges of the pn 
junction by a layer of insulating glass, there is no deteri- 
oration of the edges of the pn junction caused by the 
atmosphere or liquids, enabling the achievement of a 
highly-reliable light receiving section. 

EXAMPLE 2 

This example is photo cells and arrays that accom- 
modate claim No. 9 and an electrolytic device that 
accommodates claim No. 10. A photo cell of this exam- 
ple is explained in conjunction with FIG. 2 and FIG. 3. 
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FIG. 2 illustrates an electrolytic device with light receiv- 
ing section arrays, with (a) a plan and (b) a cc line cross 
section of (a). FIG. 3 is an equivalent circuit drawing of 
the unit illustrated in FIG. 2, excluding the electrolyte 
portion. 

[Structure of electrolytic device] 

Electrolytic device 10 comprises following compo- 
nents; 

1. photo cell 1 1 having as its base material 12 the 
same p-type silicon semiconductor baseboard as 
that of EXAMPLE 1 , except that the quantity of light 
receiving sections 13 is eight, 

2. photo cell 21 having the same form and quality of 
light receiving section 11, with exception of base 
material 22 having n-type silicon semiconductor 
baseboard instead of p-type semiconductor base- 
board (which means that the surface of the spheri- 
cal light receiving section is a p-type layer) 

3. a substrate 8 made from conductive material 
such as steel or copper onto which photo cells 1 1 
and 21 have been fixed, 

4. electrolytic cell 20 made from hard glass (Si0 2 : 
80.6, B2O3: 11.9, Al 2 0 3 : 2.0, Na 2 0: 4.4, CaO + 
MgO: 1.1 [weight %]) which impermeably encloses 
photocells 11 and 21, 

5. a diaphragm 9 separating surface electrode 14 of 
photo cell 1 1 and surface electrode 24 of photo cell 
21. 

This embodiment of the invention differs from that 
of Example 1 in that the surface electrode 14 of photo 
cell 1 1 is formed of two layers - a platinum upper layer 
and a palladium lower layer. The surface electrode 24 of 
photo cell 21 also possesses the same qualities, but it 
differs from Example 1 in that base material 22 has a 
conductivity type of n, rendering surface electrode 24 an 
anode. By respectively soldering the underside elec- 
trodes 15 (anode) and 25 (cathode) to the substrate 8, 
photo cells 11 and 21 are electrically connected in 
series. The assembled product containing photo cells 
1 1 and 21 and the substrate 8 forms the photo cell array 
described in claim No. 9. 

The light receiving section arrays, electrolytic cell 
20, and diaphragm 9 are sealed with a glass ceramic 6c 
comprised of a mixture of ceramic powder and lead 
glass powder with a low melting point 

[Effects of using electrolytic device] 

When the aforementioned electrolytic device 10 is 
filled with a hydrogen bromide solution and irradiated by 
sunlight from above, a photovoltaic power is produced 
by each of the photo cells 1 1 and 21 , with a total photo- 
voltage of between 1 .0 and 1 .2 volts generated between 
each of the anode 24 and cathode 14. This voltage 
serves to electrically dissociate the aqueous solution. 



and hydrogen is generated on the side of the surface 
electrodes 14 (cathodes). Simultaneously with hydro- 
gen generation, the bromine ions freed from hydrogen 
bromide move toward the vicinity of surface electrodes 
5 (anodes) 24 and dissolve as bromine gas. What makes 
this electrolytic device 10 special is that the surface 
electrodes 1 4 and 24 are only touching to each of the 
lower hemispheres of the light receiving sections 13 and 

23, so the entire surface of the upper hemispheres can 
10 be used effectively, without any reduction in light receiv- 
ing surface area caused by surface electrodes 14 and 

24. In addition, surface electrodes 14 and 24 are made 
from platinum, which is corrosion resistant to the elec- 
trolyte and can be expected to provide catalytic action. 

15 The light that passes through the transparent anti- 
reflection coating 17 is reflected by the surface elec- 
trode, irradiating the light receiving section and enabling 
the effective use of the surface area of the electrode as 
a light receiving section. 

20 

EXAMPLE 3 

Example 3 is also photo cells and arrays that 
accommodate claim No. 9 and an electrolytic device 

25 that accommodates claim No. 10. This device differs 
from the previous embodiment in the shape of the sur- 
face electrodes. This example of a photo cell is 
explained in conjunction with FIG. 4 and FIG. 5. FIG. 4 
illustrates an electrolytic device, with (a) a plan and (b) 

30 a cc line cross section of (a). FIG. 5 is an equivalent cir- 
cuit drawing of the unit illustrated in FIG. 4, excluding 
the electrolyte part. 



35 



[Structure of electrolytic device] 



The surface electrodes 34 and 44 of this electrolytic 
device 30 are not located on the surface of insulating 
layer 36 but are respectively formed on the top of the 
light receiving sections 33 and 43. For this reason, the 

40 entirety of insulating layer 36 is comprised of low-melt- 
ing-point glass. Other than these points, the structure of 
this electrolytic device is identical with the electrolytic 
device 10 of Example 2. 

Specifically, the surface electrodes 14 and 24 of the 

45 electrolytic device 1 0 of the previous example are linked 
together on the surface of the insulating layer 6b that 
surrounds the light receiving sections which produce 
the photovoltaic power, whereas in this embodiment the 
surface electrodes 34 and 44 are divided for each of the 

50 light receiving sections. With this arrangement, the anti- 
reflection coating 17 is formed in the same way as with 
Example 1 , and the top of the spherical surface of the 
protruding parts are either ion beam sputter-etched, 
plasma etched, or gas etched, then surface electrodes 

55 34 and 44 are formed by the electroless plating or 
vaporization of palladium (Pd) and platinum (Pt), in that 
order, in the etched space. This manufacturing process 
does not require the application of heat on the insulating 
layer, so it is not necessary that the insulating layer be 
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glass with a high melting point. This enables sealing 
glass of the same quality as the glass 6c with a low 
melting point in the previous example to serve also as 
an insulating layer. 

[Effects of using electrolytic device] 

When this electrolytic device 30 is irradiated by sun 
light, a photovoltaic power with a total voltage of 
between 1 .0 and 1 .2 volts is generated, in the same way 
as with Example 2. What is special about this electro- 
lytic device is that the surface electrodes 34 and 44 are 
divided separately for each of the light receiving sec- 
tions 33 and 43 such that even if one of the light receiv- 
ing sections 33 or 43 should short circuit, the other light 
receiving section would continue to work and the elec- 
trolytic reaction would continue to occur. 

EXAMPLE 4 

Example 4 is an electrolytic device that accommo- 
dates claims No. 11 and 12. The electrolytic device of 
this example is explained in conjunction with FIG. 6 and 
FIG. 7. FIG. 6 illustrates the electrolytic device, with (a) 
a plan, (b) a cc line cross section of (a), and (c) a bottom 
view of the electrolytic device. FIG. 7 is an equivalent 
circuit drawing of the unit illustrated in FIG. 6, excluding 
the electrolyte part 

[Structure of electrolytic device] 

This electrolytic device 50 comprises the following 
components; 

1. the same photo cells 31 and 41 as in Example 3, 

2. a substrate 18 made from insulating ceramic and 
in which these two photo cells 31 and 41 are 
anchored, 

3. an electrolytic cell 20 made from the aforemen- 
tioned hard glass and which impermeaWy encloses 
photo cells 31 and 41 , and 

4. the same diaphragm 9 as that used in Example 
3. The substrate 1 8, however, is made from insulat- 
ing ceramic wider than the area of the bottom sur- 
face of the electrolytic cell 20 and its surface and 
internal parts are wired with conductive material, 
whereas the entire substrate 8 of the previous 
example is made from conductive material. The 
conductive surface on the top of the substrate is 
divided into two -18a and 18b. Photo cell 31 is 
electrically connected to conductive surface 18a 
and photo cell 41 is electrically connected to con- 
ductive surface 18b. 

This electrolytic device 50 is also equipped with flat 
silicon solar cells 51 and 61 having known pn junctions, 
on top of the surface of substrate 18 which spreads out 
from the electrolytic cell 20. These external solar cells 
51 and 61 are connected in series to each of the under- 



side electrodes for the aforementioned two photo cells, 
via conductive surfaces 18a and 18b which are formed 
on the surface of substrate 18. 

5 [Manufacturing the photo cells] 

Following is the method used for the fabrication of 
electrolytic device 50. 

First. The photo cells are manufactured in the same 

io way as are those in Example 1 , with the exception that 
the anti-reflection coating 1 7 is formed as is the case 
with Example 3, then a portion of the top of each of the 
photo cells is removed and surface electrodes 34 and 
44 are formed in the resultant space by electroless 

15 depositing or vaporization. 

Separately, the substrate 18 is created by forming 
ceramic powder along with an organic solution into a 
sheet into which through holes are created. The through 
holes are made by punching holes in the sheet then fill- 

20 ing them with a metal having a high melting point, such 
as molybdenum or tungsten. This sheet is fired at a high 
temperature in the mid range between 1,000°C and 
2,000°C, after which silver (Ag) paste is printed in an 
electrical connection pattern and baked onto both top 

25 and underside of the sheet, thereby completing the sub- 
strate 18. 

Photo cells 31 and 41 , diaphragm 9, and electrolytic 
cell 20 are sealed with an insulating layer 36 of low- 
melting-point glass. The conductive surface of substrate 

30 18 and photo cells 31 and 41 are then attached to each 
other by soldering. Next, the underside electrodes of the 
external solar cells 51 and 61 are soldered to the con- 
ductive surface on the substrate that extends outward 
from the electrolytic cell 20, and the surface electrode of 

35 the external solar cells are connected to the aforemen- 
tioned through holes 18c via the conductor fragments 
18d. Following this, the external solar cells and the con- 
ductor fragments are set in a mold as a whole with 
transparent resin 18e, completing the electrolytic 

40 device. 

[Effects of using electrolytic device] 

This electrolytic device 50 has two external solar 
45 cells connected in series to the photo cells within the 
electrolytic cell. The external solar cells receive sun- 
light, after it passes through transparent resin, and pro- 
duce a photovoltaic power. The total voltage generated 
between the surface electrodes (cathodes and anodes) 
so on photo cell 31 and photo cell 41 is between 2.0 and 
2.4 volts when there is at least 60 mW x cm" 2 worth of 
irradiated solar energy. This enables the electrolysis of 
water which was not possible with electrolytic device 1 0 
of Example 2 or electrolytic device 30 of Example 3. If, 
55 for example, electrolytic device 50 is filled with a 0.5M - 
H 2 S0 4 aqueous solution and irradiated by sunlight, 
hydrogen gas is generated on each of the surface elec- 
trodes (cathodes) 34 of light receiving section 31 side 
and oxygen gas is generated on each of the surface 
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electrodes (anodes) 44 of light receiving section 41 
skja 

Examples of variations 

5 

This invention is not limited to the embodiments 
given as illustrations above, and can be applied in the 
form of the following variations insofar as it satisfies the 
conditions of the structure indicated in the claims. 

Instead of using silicon semiconductor as the base 10 
material, germanium (Ge), a mixed crystal of silicon and 
germanium (Si-Ge), silicon carbide (SiC), gallium arse- 
nide (GaAs), indium phosphide (InP), or other com- 
pound semiconductor single or multiple crystals may be 
used. is 

Instead of using glass for insulting layers, when the 
construction is such that the object being insulated (a 
photo diode, etc.) is not to come in contact with the elec- 
trolyte, epoxy resin or polyimide resin may be used. 

The electrolytic cell may be made using ceramic 20 
instead of hard glass. 

The external solar cells may be sphered or curved 
instead of flat. The crystal form may be polycrystal or 
amorphous instead of single crystal and its chief com- 
ponents may be germanium arsenide (GaAs), indium 25 
phosphide (InP), copper indium diselende (CulnSe^. 
cadmium sulfide (CdS), or cadmium telluride (CdTe), 
instead of silicon. Not only is it not necessary for the 
external solar cells to be anchored to the same sub- 
strate, but neither is it absolutely necessary for it to be a 30 
series comprised of two types of solar cells made from 
a p-type baseboard and n-type baseboard. External 
solar cells may be used to supplement the voltage of the 
unit only when the photovoltaic power of the photo cells 
located within the electrolytic cell is not sufficient to ere- 35 
ate the voltage required for electrolysis. Arranging sili- 
con amorphous solar cells in series on the same 
substrate enables adjustment of the voltage output 

Industrial Applicability 40 

The photo cells of this invention have spherical light 
receiving sections, enabling the absorption of sunlight 
from every angle. This enables the effective use of light- 
energy sources in limited space, even with compact 45 
devices. These photo cells feature high reliability, 
because they have little leakage at the pn junction 
edges and little fluctuation. 

The electrolytic devices of this invention have a plu- 
rality of spherical light receiving sections at the bottom so 
of an electrolytic cell filled with electrolyte. This enables 
light to be taken in highly efficiently and reflection loss to 
be made lower than arrangements in which light is irra- 
diated directly onto a light receiving section surface 
from a gaseous environment The electrodes that per- 55 
forms the electrolysis also serve as the surface elec- 
trodes for the light receiving sections and the 
combination of p-type and n-type base materials as well 
as the electrodes on the same side of a light receiving 



section are in common, enabling the entire unit to be 
easily fabricated in a compact way and making the elec- 
trical connection works simple. 

Claims 

1 . A photo cell comprising: 

a base material, the base material consisting of 
p-type or n-type semiconductor and having a 
surface; 

a light receiving section, the light receiving sec- 
tion being integral spherical part of the base 
material, which protrudes outward from the 
surface of the base, and has a semiconductor 
layer of conductive type opposite to that of the 
base material, said semiconductor layer 
attached on the surface of said spherical part, 
so that a pn junction interface is formed 
between the base material and the semicon- 
ductor layer; 

a surface electrode formed from conductive 
material that achieves ohmic contact with a 
portion of the surface of the aforementioned 
sphere; and 

a underside electrode formed from conductive 
material on the underside of the aforemen- 
tioned base material, to provide ohmic contact. 

2. The photo cell of claim 1 , wherein the semiconduc- 
tor be of silicon. 

3. The photo cell of claim 1 , wherein a layer of insula- 
tion be attached from the surface of the base mate- 
rial up until it covers a portion of the surface of the 
sphere and 

the edge of the pn junction be lower in posi- 
tion than the surface of said insulation layer, 

so that it is covered by the insulation layer. 

4. The photo cell of claim 3, wherein the layer of insu- 
lation is glass. 

5. The photo cell of claim 3. wherein the surface elec- 
trode is on the surface of said insulation layer. 

6. The photo cell of claim 5, wherein the surface elec- 
trode is made from material possessing photore- 
f lective characteristics. 

7. The photo cell of claim 1 f further comprising a con- 
tainer adhered to a side of the base material with 
glass, the container surrounding the base material 
and the photo cell. 

8. The photo cell of claim 1, wherein the quantity of 
light receiving section is plural for each piece of 
base material and the underside electrode is com- 
mon to these plural light receiving sections. 
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9. A photo cell array comprising: face and connected in series via the wiring to the 

aforementioned two types of photo cells. 

two photo cells according claim 1, wherein the 
conductive types of the base material of these 
photo cells are different from each other; s 
a common substrate having a conductive sur- 
face, in which said two photo cells are 
anchored, the conductive surface being joined 
with each of the underside electrodes to create 
an electric connection in series. 10 

10. An electrolytic device comprising: 

a photo cell array according claim 9; 
electrolyte filling the space between each of the 15 
surface electrodes; and 
a diaphragm separating the surface electrodes 
of photo cells that have base material of differ- 
ent conductive types from each other; 

20 

so that the photovoltaic power of the light 
receiving sections causes the electrolysis of the 
electrolyte. 

11. An electrolytic device comprising: 25 

two photo cells according claim 1, these cells 
having base material of different conductive 
types from each other; 

a substrate having two separated conductive 30 
surfaces and supporting separately the two 
photo cells on each thereof; 
an electrolytic cell surrounding the two photo 
cells and fixed in place on the substrate so as 
to be liquid-impermeable; 35 
electrolyte filling the electrolytic cell and the 
space inundating the surface of the spheres of 
the two photo cells and each surface electrode; 
a diaphragm separating the surface electrodes 
of the photo cells that have base materials of 40 
different conductive types from each other; and 
external solar cells connected in series with the 
two types of aforementioned photo cells on the 
exterior of the electrolytic cell; 

45 

so that the total of the photovoltaic power 
supplied by the light receiving sections of the afore- 
mentioned two types of photo cells and the photo- 
voltaic power supplied by the external solar cells 
forces the electrolysis of the electrolyta 50 

12. The electrolytic device of claim 11, wherein the 
electrical connection between the photo cells within 
the electrolytic cell and the external solar cells may 

be such that the supporting surface of the substrate 55 
is formed broadly, spreading outward from the elec- 
trolytic cell, and the wiring is formed either within 
the substrate or on its surface, with the external 
solar cells affixed to said protruding substrate sur- 
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FIG. 5 
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